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METHOD FOR FABRICATING POLYCRYSTALLINE SILICON HAVING MICRO ROUGHNESS ON THE 

SURFACE 



BACKGROUND OF THE INVENTION 

The present invention relates to method of fab- 
ricating semiconductor devices, and more particuiariy 
to fabrication nnethods of forming polycrystailine sili- 
con layers suitable for use as electrodes for capaci- 
tors. 

In recent years, the memory cell size has been 
reduced accompanying the increase in the degree of 
integration of DRAMs, and along with it the area of 
storage capacitors used for the cells tends to be dec- 
reased. For this reason, stacked capacitors or trench 
stacked capacitors that have a large effective area for 
the capacitor part, an excellent a-ray resistance 
characteristic and a small interference between the 
capacitor parts have been employed in order to sec- 
ure sufficiently high capacitances. However, for 64 
Mbit DRAMs now under development each cell area 
is anticipated to become smaller than 1 ,5 nm^, so that 
there is required a capacitor insulating film with a 
thickness of less than 50 A when converted to equiv- 
alent thickness of silicon dioxide (SiOj) film, even with 
the use of the aforementioned structures. It is ext- 
remely difficult to fonm such a thin capacitor insulating 
film uniformly and without defect all over the chip. 

In order to resolve the above-mentioned problem, 
there can is conceded an idea of increasing the effec- 
tive areas of the opposing electrodes of a capadtor by 
providing a micro roughness on the surface thereof to 
obtain a larger electrostatic capacity for a capacitor of 
the same size. A method for increasing the opposed 
electrode areas, that is, for enlarging the effective sur- 
face areas, of polycrystailine silicon electrodes is dis- 
closed in "Capacitance-Enhanced Stacked-Capacitor 
with Engraved Storage Electrode for Deep Submicron 
DE^Ms, Solid State Devices and Materials, 1989. pp. 
137-140. According to this method, the surface of a 
polycrystailine silicon is coated with spin-on-glass 
(SOG) containing photoresist particles. Then the 
effective surface area of the polycrystailine silicon film 
is increased by providing a micro roughness the sur- 
face thereof by etching the SOG film, whereby etching 
the polycrystailine silicon surface using the resist par- 
ticles as the mask. 

However, this method has the following prob- 
lems. Namely, there are required strict control of the 
size of the resist particles and distribution of the resist 
particles on the wafer with uniform density at the time 
of coating, in addition to the complexity of the process 
involved. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention 



to provide a simple and mass-produceable fabrication 
method of a semiconductor device having polycrystai- 
line silicon layers having micro roughness on their 
surfaces. 

5 It is another object of the present invention to pro- 

vide a fabrication method which enables to control the 
size and/or the density of the micro roughness on the 
surfaces of the polycrystailine silicon layers. 

The fabrication method In accordance with the 

10 present invention includes a process of forming a first 
conductive layer at least the surface part thereof 
being constituted of polycrystailine silicon having a 
surface with micro roughness caused by silicon 
grains, a process of forming a dielectric film on the 

IS surface with micro roughness of the polycrystailine 
silicon and a process of forming a second conductive 
layer on the dielectric film. 

In contrast to the method in the above-mentioned 
reference in which the micro roughness is formed on 

20 the surface of a polyciystalline silicon layer by means 
of selective etching that uses the resist particles as 
the mask, micro roughness on the surface of a polyc- 
rystailine silicon layer is formed based on the grain 
growth of silicon in this invention. 

25 The present inventers discovered that a polycrys- 

tailine silicon layer having a surface with micro rough- 
ness can be fomied based on the grain growth of 
silicon in accordance with the methods that follow. 
One of the methods is that when silicon is deposited 

30 on a substrate in accordance with an LPCVD method 
or the like, the deposition of silicon is carried out a the 
temperature (referred to as transition temperature) at 
which the crystal state of the deposited film makes 
transition from the amorphous phase to the polycrys- 

35 talline phase. The other is one in which an amorphous 
silicon (a-Si) film is formed on a substrate in a vacuum 
or in an inert gas such as a nitrogen gas, tiien subject 
tiie sample to a heating (annealing) treatment at a 
temperature abovethe transition temperature again in 

40 a vacuum or in an inert gas such as a nitrogen gas. 

In accordance with such methods it is possible to 
form a polycrystailine silicon film having a surface with 
micro roughness by an exclusive use of a CVD 
method or the combination of a CVD method and 

45 annealing that are well-known techniques in the fab- 
rication of semiconductors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 The above and other objects, advantages and 
features of the present inventran will be apparent from 
tiie following description taken in conjunction with the 
accompanying drawings, in which: 

Fig. 1 shows scanning electron microphoto- 
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graphs and the cx^rresponding reflection high 
energy electron diffraction (RHEED) photographs 
at the surface of the deposited film for different 
deposition temperatures; 

Fig. 2 is a graph showing the dependence of the 5 
capacitance of a fabricated capacitor, the surface 
area of the silicon film and the deposition tem- 
perature of silicon; 

Fig. 3 is an electron microphotogFaph showing 

the surface condition of a silicon film with micro io 

roughness taken after phosphorus dif^sion; 

Fig. 4 shows a distribution diagram of the relative 

magnification at the surface area of silicon film 

deposited at the temperature of 590''C within a 4- 

inch wafer; is 

Fig. 5 is a graph showing the dependence of the 

leakage cunrent on the applied voltage for the 

stacked capacitors formed at different silicon film 

deposition temperatures (590 and 640*'C); 

Fig. 6 IS a graph showing the dependence of the 20 

leakage cun-entat the applied voltage for stacked 

capacitors with different silicon film deposition 

temperatures; 

Fig. 7 is a frequency distribution diagram for the 
breakdown voltage of stacked capacitors for dif- 25 
ferent silicon electrode deposition temperatures; 
Fig. 8 is a scanning electron microphotograph of 
the film surface according to a embodiment 2 
after annealing of a silicon film formed at the tran- 
sition temperature; 30 
Fig. 9 is a scanning electron microphotograph 
showing the surface condition according to a 
embodiment 3 of a film formed by depositing a 
compact polycrystalltne f3m at a temperature 
above the transition temperature, on a silicon film 35 
formed at the transition temperature; 
Fig. 10 shows sectional views for different fabri- 
cation processes of a stacked capacitors having 
a micro roughness also on the side feces accord- 
ing to a embodiment 4; 40 
Fig. 11 shows scanning electron microphoto- 
graphs of the cross-sections of a stacked capaci- 
tor fomned in accordance with the fabrication 
method illustrated in Fig. 10; 

Fig. 12 shows sectional views for different growth 45 
stages in the phenomenon of the growth of a sili- 
con layer having a surface with micro roughness 
as a result of annealing an amorphous silicon 
layer on the substrate at a temperature above the 
transition temperature; so 
Fig. 13 shows photographs that illustrate the 
phenomenon described in Fig. 12, wherein Fig. 
13(a) shows a cylindrical amorphous silicon film 
priorto annealing and Fig. 1 3(b) shows a cylindri- 
cal polycrystalline silicon film with a micro rough- 55 
ness taken after annealing; 
Fig. 14 is a graph showing the capacitance differ- 
ence of a capacitorfor the cases of taking, and not 



taking, the wafer out into the atmosphere prior to 
the annealing; 

Fig, 15 shows sectional views for different fabri- 
cation processes according to a embodiment 6 of 
the present invention; 

Fig. 16 shows sectional views for different fabri- 
catbn processes according to a emt>odiment7 of 
the present invention; 

Fig. 17 shows sectional views for different fabri- 
cation processes of an embodiment 8 of the pre- 
sent invention; 

Fig. 18 shows sectk>nal view for different fabri- 
cation processes according to a embodiment 9 of 
the invention; and 

Fig. 19 shows a scanning electron microphoto- 
graph that illustrate the phenomenon described in 
Fig. 183. 

DETAILED DESCRIPTION OF THE INVENTION 

The polycrystalline silicon film having a surface 
with micro roughness can be formed based on the 
grain growth of silicon when silicon is deposited at the 
transition temperature has already been mentioned in 
the above. This phenomenon can be described as in 
the following. Namely, during the depositk>n of silicon 
at^e transition temperature, silicon deposited is prin- 
cipally of amorphous type. If the temperature inside 
the furnace tube is kept at the transitk>n temperature 
even after the completion of the deposition, silicon 
atoms that have been migrating in the surface of the 
deposited amorphous silicon film start to form crystal- 
line nuclei. Silicon atoms that are migrating in the vici- 
nity of the crystal nuclei are captured by the nuclei and 
contribute to the growth of the nuclei and to the 
increase of the size of the grains. As a result, there is 
formed a polyciystalline silicon film having surface 
with a micro roughness. 

On the other hand, when silicon is deposited at a 
temperature below the transition temperature, the 
deposited film remains as amorphous as Is, with its 
surface being very smooth. When a film is deposited 
at a temperature above the transition temperature, it 
means thefomnation of an ordinary polycrystalline sili- 
con film. The surface of the deposited polycrystalline 
silicon has too many nuclei, so that they can not grow 
each other, as a result, the surface remains smooth 
all the same. 

As in the above, one should recognize that it is 
important to deposit silicon at the transitk}n tempera- 
ture. However, it is difficult to determine the transition 
temperature. This is because the transition tempera- 
ture depends to some extent on the formation condi- 
tions. Nonetheless, the present inventors discovered 
that surface with a micro roughness can be obtained 
if silicon is deposited at a temperature in the range of 
the transition temperature of 550 ± 10°C. It should be 
noted, however, that the temperature of 550**C is the 
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temperature on the outside of the furnace tube and the 
actual temperature of the wafer at this time was found 
to be 59(yc as examined by an infrared sensor. 
Accordingly, if silicon is deposited at a wafer tempera- 
ture in the range of 590 ± 1 0*^0 (the temperature out- 
side the furnace tube being in the range of 550 ± 
10*C), there can be formed a polycrystalline silicon 
film having surface with a micro roughness. In the 
description that follows the temperature indicated will 
invariably refer to the wafer temperature, and the tem- 
perature outside the furnace tube will be indicated in 
parentheses following the wafer temperature. 

Referring to Fig. 1 , the surface condition and the 
crystallinity of the silicon films fonned at various dep- 
osition temperatures are shown. The deposition was 
carried out by a low pressure chemical vapor deposi- 
tion (LPCVD) method on a silicon substrate whose 
surface is covered with an Si02 film. The gas used is 
the mbcture of SiH4 and He ( at 20% of SiH4 and 80% 
of He), and the pressure is 1 Tonr. Figs. 1AA, 1BA, 
1CA, IDA and 1EA are the scanning electron micro- 
scopy (SEM) photographs, with magnification of 
100,000, of the surface of 2500 A-thick silicon films 
deposited at the temperatures of SSO^C (510*C), 
580<»C (540"*C), 590**C (550*^0). 600*0 (560*>C) and 
650*'C (610**C), respectively. The space between the 
adjacent dots among a group of dots shown at the bot- 
ton of the photographs is 30 nm, and hence the dist- 
ance from one end dot to the other end dot of the 
arrayed 11 dots is 300 nm. The acceleration voltage 
of the electron micrograph is 20 kV. Further. Figs. 
1AB, IBB, 1CB, 1DB and 1EB are RHEED photo- 
graphs that show crystallinity corresponding to Figs, 

IAA. 1BA, 1CA, 1DA and 1EA, respectively. 

As shown in Fig. 1 AA, the surface of the silicon 
film deposited at 550**C (510*C) is very smooth, and 
no grain growth is observed. In addition, no ringlike 
patterns are visible in the RHEED photograph. Fig. 

IAB. indicating that the film is amorphous. In the film 
deposited at 580**C {540*C) shown in Fig. 1BA. a par- 
tial growth of grains is observable, coexisting with the 
amorphous phase. Ringlike patterns appear in the 
RHEED photograph. Fig. IBB, confinming a partial 
fonnation of crystals- When the deposition tempera- 
ture is slightly raised to 590**C (SSO'^C), hemispherical 
grains with diameter in the range of 300 to 1700 A, 
centered around 700 A, are fomied at high density, 
generating a micro roughness on the surface, drasti- 
cally increasing the surface area of the film, in the 
RHEED photograph shown in Fig. 1CB there are 
observable ringlilce patterns, showing the occurence 
of crystallization. As the deposition temperature is 
further raised to 600**C (560*'C) the surface rough- 
ness becomes somewhat gentle as shown in Fig. 
IDA. In the RHEED photograph shown in Fig. 1DB, 
dots of reflection electron difFraction become visible, 
indicating the fonnation of polycrystalline silicon with 
high orientation. When the deposition temperature is 



further raised to 650**C (610*^0) which is dose to the 
deposition temperature of the ordinary polycrystalline 
silicon used for LSls or the like, the grain diameter 
becomes further increased with smooth surface as 

5 shown In Fig. 1EA, and there are observed the dots 
of reflection electron diffraction with the formation of 
polycrystalline silicon as shown in Fig. 1EB. 

As is clear from the above result, at the tempera- 
ture (transition temperature) in the range where the 

10 crystal condition of the deposited silicon film makes a 
transition from the amorphous phase to the polycrys- 
talline phase, a very fine roughness is generated on 
the film surface and the surface area is increased 
compared with at other temperatures. 

15 A silicon film which is grown at the transition tenrv 

perature where the costal condition changes from the 
amorphous phase to the crystalline phase is con- 
sidered to tack compactness to some extent This is 
estimated from the fact that the etching rate, for 

20 example, by a wet etching method, of a silicon film 
grown at the transition temperature is higher than that 
of a polycrystalline silicon film deposited at an ordi- 
nary deposition temperature (a temperature higher 
than the transition temperature). 

25 When an extremely thin capacitor insulating film 

with thickness of 50 A is formed on the silicon film, 
there is a possibility of generating pin holes in the 
insulating film. In order to make a silicon film depo- 
sited at the above-mentioned temperature to be nnore 

30 compact, it only needs to subject it to a heat treatment 
given at a temperature higher than the transition tenrv 
perature. for example, a temperature higher than 
640*C (600**C). This heat treatment will not affect the 
micro roughness in any substantial manner. Gener- 

35 ation of pin holes can be precluded if a capacitor 
insulating film is formed subsequently. This heat treat- 
ment may be accomplished as included in the heat 
treatment on the occasion of impurity doping. Further, 
instead of giving a heat treatment at a temperature 

40 above the tFansitk>n temperature, a compact polycrys- 
talline sOicon film may be deposited on the above- 
mentioned silicon having micro roughness to such an 
extent of thickness that will not fill in the micro rough- 
ness. The compact polycrystalline silicon may be 

45 deposited at a temperature above OOO^'C (560**C), In 
accordance with the above-mentioned method it is 
possible to form a silicon film with large surface area 
and small irregularity of characteristics by means of a 
simple fabrication process. By using such a silicon 

50 film as, for example, the electrode for the capacitor 
part of a semiconductor memory it becomes possible 
to increase the surface area, and hence the capaci- 
tance, of the capacitor for the same volume that is 
occupied by the capacitor part 

55 As has been mentioned in the above the transi- 

tion temperature has a certain range. When a silicon 
film is deposited at a temperature on the lower side of 
the range of the transition temperature, the grain 
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diameter becomes large because the density of gen- 
eration points of silicon nuclei on the surface of 
amorphous silicon is low. When a silicon film is depo- 
sited at a temperature on the higher side of the tran- 
sition temperature range, the grain diameter becomes 
small because the density of generation points of sili- 
con nuclei on the surface of amorphous silicon is high. 
The present inventors discovered that it is possible to 
control the size and the density of the grains by con- 
trolling the temperature within the range of the transi- 
tion temperature as described in the above. 

Moreover, the size and the density of grains can 
also be controlled by varying the growth pressure of 
the silicon film within the range of the transition tem- 
perature. This is because the generation of the silicon 
nuclei on the surface of amorphous silicon is suppres- 
sed due to the mixing of hydrogen into the silicon film 
if the silicon film is deposited at a low wacuum. 
Because of this, the grain size becomes large. On the 
other hand, if a silicon film is deposited at a high 
vacuum, the mixing of hydrogen into the silicon film is 
decreased and the density of nucleus generation on 
the surface of amorphous silicon becomes high. 
Because of this, the grain size becomes small. As in 
the above, it was discovered that the size and the den- 
sity of the grains can be controlled by controlling the 
deposition pressure and the density of hydrogen for 
the silicon film within the range of transition tempera- 
ture as described in the above. Further, even if the 
pressure is constant, it is possible to control the grain 
size and the grain density by changing the hydrogen 
concentration in amorphous silicon by varying the par- 
tial pressure of the material gases. 

Moreover, it was also found that It Is possible to 
control the generation density of silicon nuclei on the 
surface of amorphous silicon by controlling the hydro- 
gen concentration within the silicon film by adding 
hydrogen gas at the time of depositing the silicon film 
at the transition temperature. 

Now, embodiments that employ the aforemen- 
tioned methods will be described along with the effect 
of the present invention. 

Embodiment 1 

A stacked capacitor was trially manufactured. A 
thick Si02 film was formed on a silicon substrate, a sili- 
con film was formed on top of it in accordance with the 
method illustrated in Fig. 1, and the product was used 
as the lower electrode of the capacitor. Phosphorus 
was diffused into the silicon film obtained under the 
conditions of 820*>C and 60 minutes, a capacitor 
insulating film was formed on the surface and a polyo- 
rystalline silicon film that is to become the upper elec- 
trode was formed on top of it The formation of the 
capacitor insulating film was accomplished by first 
forming an Si^t^^ film on the silicon film by an LPCVD 
method, then by oxidizing the surface on the S\J^ 



fDm. The Sijt^^ film was deposited to a thickness of 
120 A at a temperature of 780°C and a pressure of 
30Pa using a mbced gas of StH4 and NH3 (with 
SifVNHs = 1/100), and the surface was oxidized at 

5 900**C by wet 1:1 pyrogenic oxidation to the extent 
where there is obtained a thickness of 20 A when con- 
verted to equhfalent oxide film, in the 120 A of the 
SialsU film. Under the above-mentioned conditions the 
capacitor insulating film becomes 100 A (labeled as 

10 deff) when converted to an equh^atent SiOa film. If a 
smaller thickness of the capacitor insulating film, for 
example deff = 50 A, is desired, it is only needed to 
form an SisNi film of 60 A and oxidize the film to the 
extent of an increase of 10 A when converted to an 

15 oxide film. It is preferable that the thickness of the 
capacitor Insulating film is in the range of 30 to 500 A 
so as to enable the replication of the micro roughness 
of the lower layer silicon film onto the upper surface 
of the capacitor insulating film. After the fonnation of 

20 a capacitor insulating film of deff = 1 00 A, then a pdyc- 
rystalline silicon film is deposited on top of it at 640^C 
(600°C) and phosphorus was diffused into it. Follow- 
ing that, stacked capacitors were obtained by dividing 
the sample into the dimensions of 1 mm x 1 mm by 

25 means of a lithography technique and a dry etching 
technique. 

As a result, the dependences of the surfaces area 
and the capacitance of the silicon film on the deposi- 
tion temperature of the lower silicon film as shown in 

30 Fig. 2 were obtained. Namely, at the deposition tenrv 
perature of Fig. 1 A the surface area remains at 1 mm^ 
and the capacitance is accordingly at a small value of 
3.5 nF. For the deposition temperature of Fig. 1 B the 
capacitance was slightly increased to 3.8 nF conre- 

35 sponding to a partial growth of the grain. For the dep- 
osition temperature of Fig. 1 C both of the surface area 
and the capacitance became more than twice the 
original values, namely, 2.1 mm^ and 7.3 nF, respect- 
ively. For the deposition temperature of Fig, ID a sur- 

40 face area of 1.07 mih^ and a capacitance of 3.6 nF 
were obtained reflecting the gentleness of the surface 
roughness. For the depositksn temperature of Fig. 1 E 
the situation barely differs from that of Fig. 1A. Note 
that the results obtained at deposition temperatures 

45 other than those of Rg. 1 are also included in the fig- 
ure. In either case, it is possible to obtain a capaci- 
tance that is more than twice as large that of an 
ordinary stacked capacitor with the same dimensions 
if a stacked capacitor uses a silicon film deposited at 

50 the transition temperature. 

The surface condition of a silicon film with a micro 
roughness formed once on its surface will not be 
changed substantially by a heat treatment in the sub- 
sequent stage. An SEM photograph of the surface 

55 condition when phosphorus is diffused under the con- 
ditions of 820^C and 60 minutes into the film depo- 
sited at590**C (550*'C) shown in Fig. 1C is shown in 
Fig. 3. 
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Fig. 4 shows the surface area distribution (rep- 
resentative points only) within a four-inch wafer when 
phosphorus was diffused into the silicon fiim formed 
at 590*C (550*C). The measurement was taken using 
the stacked capacitor of Embodiment 1. The numeri- 
cal values which indicate the ratio of the surface area 
with respect to that of the wafer formed at SQO'^C 
{510*^0) show that the surface area increase is very 
unrfonm all over the wafer surface. In addition, its 
reproducibility was also found to be satisfactory. This 
uniformity prevails also between wafers and between 
lots, and the reproducibility is also high. 

In Fig. 5 is shown the leakage current characteri- 
stic of the stacked capacitors obtained at the deposi- 
tion temperatures of 590*'C (550*'C) and 640'*C 
(600*C). It can be seen that the result for the former 
case is somewhat inferior to the latter case. However, 
in the use for semiconductor memories the maximum 
voltage applied to a capacitor is 5 V (lately, 3.3 V). 
Therefore, there arises substantially no problem since 
there exist hardly any difference in the leakage cur- 
rent between the two cases up to the voltage of 5 V, 
and the applied voltage can t>e reduced to one half by 
the useof the well-known 1/2Vcccell plate technique. 

Here, the leakage current characteristic will be 
compared when the same capacity is secured. For the 
construction of a 64 Mbit DRAM with the ordinary 
stacked capacitor structure it is said that a capacitor 
insulating film of about 50 A thickness when conver- 
ted to equivalent oxide film (deff) is required if a polyc- 
< rystaliine silicon film deposited at the conventional 

temperature of about 640*C {600°C) is used as a stor- 
age electrode. However, by employing a silicon film in 
accordance with the present invention it becomes 
possible to use a capacitor insulating film with thick- 
ness of 100 A. 

In Fig. 6 are shown the leakage current charac- 
teristic for two representative cases. As can be seen 
from the figure, the voltage by which the leakage cur- 
rent can be suppressed to below 1x10-* A/cm^ where 
a capacitor is usable as a device is 2.0 V for the con- 
ventional capacitor, in contrast, the corresponding 
voltage can be increased to 5.4 V in the case of using 
slicon of the present embodiment, sharply improving 
the leakage current characteristic. 

In Fig. 7 is shown the breakdown voltage distribu- 
tion for the same cases of depositk>n at SOO^'C 
(asO^'C) and 640*»C (SOO'C) that are given In the lower 
and upper portions of the figure, respectively. The 
results shown correspond to the measurements 
results taken by using stacked capacitors with the 
same structure as In Embodiment 1 for several sheets 
of wafer. The thickness of the capacitor insulating film 
at this time was 100 A. The peak value of the break- 
down electricfield Intensity for the case of Si elecfrode 
deposition temperature at 590*C (550*»C) is 8.7 
MV/cm while the peak value for the case of 640*»C 
(600**C) is 9.5 MV/cm so that the detertoration of the 



former case is 0.8 MV/cm relative to the latter. How- 
ever, in the actual use such a difference is of no par- 
ticular concern. Moreover, the scatter of the 
breakdown electricfield intensity value is comparable 
5 for both samples, and is very satisfactory. 

Embodiment 2 

The stacked capacitor used in the present embo- 
10 diment was trially manufactured in the same way as 
in Embodiment 1, In Embodiment 1 the quality of the 
silicon film deposited at the transition temperature 
was made compact by a heat treatment at the time of 
phosphorus diffusion. In the present embodiment. 
15 however, the film quality was made compact by sub- 
jecting the sample to an annealing at a temperature 
above the transition temperature prior to the formation 
of the capacitor insulating film. In Fig. 8 is shown an 
SEM photograph of the surface of a silicon film depo- 
se sited at the transition temperature of 590**C (550*C). 
then annealed at740*»C (700*C) in a nitrogen atmos- 
phere. There is little change in the surface condition 
from that at the time of the film deposition. Subse- 
quently, phosphorus was diffused simitar to Embodi- 
25 ment 1, a capacitor insulating film was formed, a 
polycrystaliine silicon film that is to become the upper 
electrode was deposited to form a stacked capacitor 
similarto that of Embodiment 1. Capacitance and sur- 
face area of a capacitor same as those of Embed i- 
30 ment 1 were obtained. They are extremely uniform 
within the wafer, from one wafer to another and from 
one lot to another as in Embodiment 1, with satisfac- 
tory reproduciblity. As to the leakage current charac- 
teristic and the breakdown voltage, the result 
35 obtained was satisfactory, being substantially the 
same as at the deposition temperature of 640''G 
(600*C). 

Now, it is to be noted that the annealing was car- 
ried out at 740'*C (700*'C) in the present embodiment. 
40 but the compactification of the silicon fiim may be 
accomplished by an annealing for a long time at a low 
temperature such as 650°C (61 0^*0) or by an anneal- 
ing at a high temperature of 840**C (800<*C). 

45 Embodiment 3 

In the present embodiment, instead of the anne- 
aling in Embodiment 2, a compact silicon film was 
deposited at a temperature above the transition tem- 

50 perature on a silicon film fonmed at the transition tem- 
perature. Here, a polycrystaliine silicon film was 
deposited to a thickness of 300 A at the temperature 
nomnally used. Figure 9 is an SEM photograph show- 
ing the surface condition of the surface after the dep- 

55 osition. There is observed little change in the surface 
condition. 

Following the above , a stacked capacitor was for- 
med in the same way as in Embodiment 2, and the 
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capacitance and the surface area of the capacitor for- 
med were nneasured. The result is similar to that of 
Embodiment 1, their value distribution within the 
wafer, between wafers and between lots was ext- 
remely uniform, and its reproducibility was excellent. 
Further, the leakage current characteristic and the 
breakdown voltage were satisfactory, being substan- 
tially the same as those for the deposition tempera- 
ture of 640*'C (600*»C). 

It is to be noted that It is necessary to limit the 
thickness of the silicon film to a degree which will not 
bury the micro roughness on the surface of the u nder- 
lying silicon film. 

Embodiment 4 

In the present embodiment, a stacked capacitor 
having a capacitor part also on the sides faces will be 
described. 

First, as shown in Fig. 10a, a silicon oxide film 2 
is fonmedon a silicon substrate 1 with a transfer gate 
and the like formed thereon, resist 3 is applied to be 
patterned and the oxide film 2 is etched by dry etching 
(Fig. 10b). Then, as shown in Fig. 10c, a polycrystal- 
line silicon film 4 is deposited, and an impurity such 
as phosphorus or arsenic is doped by thermal diffu- 
sion. The polycrystaliine silicon film 4 is deposited by 
an LPCVD method under the nornial conditions of the 
temperature of 640*'C (600*»C). reacbon gas which is 
a mixture of SiH4 and He (at 20 vol % of SiH4 and 80 
vol %ofHe) and pressure of 1 Torr.Asilicon oxide film 

5 is fonmed by a CVD method on the polycrystaliine 
silicon film 4, and another polycrystaliine silicon film 

6 is fonmed on top of it under the same conditions as 
for the polycrystaliine silicon film 4. A resist 7 is 
applied on top of it to be patterned (Fig. 10c), and by 
using the resist as a mask dryetching is gh^en up to 
the polycrystaliine silicon film 4 (Fig. lOd), Following 
the removal of the resist 7 a silicon film 8 having sur- 
face with a micro roughness Is deposited at 595°C 
(555**C) (Fig. lOe). The deposition conditions are the 
same as for the polycrystaliine silicon film 4 except for 
the temperature. 

Then, the sample is annealed at 740^C (700**C) 
for 30 minutes in a nitrogen atmosphere. Next, phos- 
phorous or arsenic Is doped Into the silicon film 8 by 
thenmal diffusion. Subsequently, the same is subjec- 
ted to a reactive ion etching (RIE) that uses Cf 2 gas 
to obtain a lower electrode 8 for a stacked capacitor 
as shown in Fig. lOf. The top portion and the side 
faces of the silicon film 18 have even after the RIE a 
roughness with large area that reflects the roughness 
before the etching of the silicon film 8. In other words, 
the top portion and the side faces of the silicon film 1 8 
are given a roughness by the replication of the rough- 
ness of the silicon film 8 onto the polycrystaliine sili- 
con film 6. Note that in the absence of the 
polycrystaliine silicon film 6 the top portion of the 



stacked capacitor will be lost at the time of RIE and 
there will be left only its side faces. 

Next, a capacitor insulating film 9 is fonmed under 
the same conditions as for Embodiment 1 , and further 

5 a phosphorus-doped polycrystaliine silicon film 10 is 
deposited (Fig. 10g). 

In this manner, a stacked capacitor that has a 
capacitor parts formed also on the side faces and has 
a very large capacitance can be obtained. By increas- 

10 ing the thickness of the oxide film 5 it is possible to 
augment the area of the side faces and increase the 
capacitance accordingly. In Figs. 11a and 11b are 
shown the SEM photographs of the stacked capacitor 
fonmed. The magnifications of Figs. 11a and 11b are 

15 40,000 and 25,000, respectively, showing approxim- 
ately the same location of the capacitors. One of the 
forefront capacitors is revealing its cross sectton. 
From the figure it can be seen that there stni remains 
a sufficiently well-defined roughness on the surface of 

20 the silicon film even after the dry etching. 

It should be mentioned here that phosphosilicate 
glass (PSG), borophosphosilicate glass (BPSG), an 
impurity-doped polycrystaliine silicon film» a silicon 
nitride film, a laminated film of some of the fcrc^goings, 

25 or the like may be employed in place of the oxide film 
5. Further, in the present embodiment the silicon film 
8 having a micro roughness in Rg. 1 0f was subjected 
as it is to an RIE. However, if there should be any 
apprehension about losing the micro roughness on 

30 the side faces in the etching, it Is possible to certainly 
protect the micro roughness on the side faces by 
thinnly covering the entire surface with an SiP2 film by 
means of high temperature oxidation (HTO) CVD prior 
to subjecting the sample to the RIE. The Si02film that 

35 remains on the side faces after the RIE needs only be 
removed by wet etching or the like method. 

Further, in the present embodiment described in 
the above, the polycrystaliine silicon ftim 6 formed at 
the temperature of 640<>C (SOO^C) was used as a film 

^ for replicafing the micro roughness on the silicon film 
8, but the film 6 may be replaced by a silicon film depo- 
sited at or below the transition temperature. 
Moreover, in Embodiments 1 to 4, thermal difi\jsion 
was employed invariably for the doping to the silicon 

45 fOm, but there may be used Ion Implantation or a 
method in which a dopant gas such as PH3 or AsHs 
is included in the material gas at the time of deposition 
may also be employed. Moreover, the dopant may be 
boron besides phosphorus and arsenic. Furthenmore, 

50 in Embodiments 1 to 4, an example has been shown 
in which a micro roughness is formed allover the sur- 
face of the portions of the silicon films 6 and 8 that are 
to become a capacitor, but the capacitance will 
become larger than the case of the conventional flat 

55 polycrystaliine silicon film even when the micro rough- 
ness is fonmed even in a portion of the film. 

A silicon film having surface with a micro rough- 
ness can also be formed by first forming an amorph- 
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ous silicon layer on a substrate, then by annealing the 
amorphous silicon layer at a temperature above the 
transition temperature. This phenomenon will t>e des- 
cribed by reference to Fig. 12, First, a flat a-Si film 12 
is deposited on a substrate such as a silicon substrate 5 
whose surface is covered with an Si02 fiim as shown 
in Fig. 12a When the sample is annealed in a vacuum 
higher than 1 x ICH Torr or in an inest gas at a tem- 
perature above the transition temperature while main- 
taining the substrate surface dean, polycrystalilne io 
silicon nudel 13 are formed on the surface as shown 
in Fig. 12b. The diffusion rate of silicon on the dean 
a-Si surface is extremely high compared with the 
growth rate of the a-Si solid phase, and silicon atoms 
are collected around the polycrystalilne silicon nuclei 15 
formed on the surface by their diffusion in the surface, 
and the polycrystalilne silicon nudei 14 grow in mus- 
hroom like shape or hemisphere like shape as shown 
in Fig. 12c. The growth of the nudei 14 are continued. 
Finally as shown in Fig. 12d the nudei become the 20 
grains 15 which have hemisphere like shape. 

The annealing temperature for the forming of the 
micro roughness on the Si surface will not gh^e any 
substantiai influence provided that it is above the tran- 
sition temperature. However, rapid heating at a high 2S 
temperature of such as 900''C is not recommended. 
This is because under such an annealing, crystalli- 
zation start from not only the surface of the amorph- 
ous silicon film 12 but also the interior of it making It 
impossible to grow the nudei and obtain a substantial 30 
micro roughness on the surface. It is necessary to 
grow polycrystalilne silicon nudei 13 first on the sur- 
face of the amorphous silicon film 12. For that pur- 
pose, it is preferably that the annealing Is given in the 
range of 580 to 750**C. However, it is possible to raise 35 
the temperature of annealing after polycrystalline sili- 
con grains 14 are grown once on the surface of the 
anrtorphous silicon layer 12. Accordingly, if annealing 
Is given starting with an ordinary room temperature 
with a predetermined gradient of temperature rise as 40 
In the case of heating with lamp, it is possible to raise 
the temperature to a final temperature of 800 or 
90Q''C, thereby decreasing the time for conversion to 
polycrystalline silicon. 

Further, as is dear from the above description, it 45 
is possible to change the average size and the density 
of the grain projections formed from the surface of the 
aniorphous s3icon surface by changing the tempera- 
ture of the heat treatment the amorphous silicon film 
in a nonoxidizing atmosphere, such as in a vacuum, so 
in an inert gas or nitrogen gas. As described in the 
at>ove, for the growth of silicon grains from the surface 
of the amorphous silicon film it is first necessary to 
fomi nuclei which will act as the seeds for growing 
grains on the surface of the amorphous silicon film. 55 
The heating temperature substantially changes the 
density at which these nuclei are formed. When the 
heating temperature is high, this density becomes 



high, and the average size of the grain projections for- 
med on the surface of the silicon film becomes small 
and the density of the projections becomes high. 
When the heating temperature is low, the density of 
nudeus generation is low. Because of this, the num- 
ber of silicon atoms supplied to each nudei at the time 
of grain growth becomes high compared with the 
heating at high temperature. Accordingly, in the case 
of heating at low temperature, each grain grows into 
large size, making the average diameter of the projec- 
tions large and the density the projections becomes 
small. Moreover, the average size and the density of 
the grain projections formed from the surface of the 
amorphous silicon film, at the time of forming a micro 
roughness through the formation of silicon nudei from 
the surface of the amorphous silicon film, can also be 
changed by varying the rate of temperature rise in the 
vicinity of the temperature of silicon nuclei formation. 

Moreover, the average size and the density of the 
grain projections formed from the surface of the 
amorphous silicon surface can also be changed by 
varying the hydrogen concentration within the 
amorphous silicon film instead of controlling the grain 
size by changing the heating temperature. Now, there 
exist many dangling bonds in the amorphous silicon 
film. These dangling bonds can be tenminated by 
means of hydron atoms. At the time of formation of the 
nudei on the surface of the amorphous silicon film, 
these hydrogen atoms drop off, bringing some of sili- 
con atoms to stably bonded state. Accordingly, when 
hydrogen is added at high concentration, the gener- 
ation density of the nudei becomes low, each grain 
grows in large size, and the average diameter of the 
projections becomes large and the surface grain den- 
sity becomes low. When the concentration of hydron 
addition is made low, the generation density of the 
nudei becomes high, the average diameter of the 
grain projections becomes small and the density 
becomes high. 

Further, it is also possible to form a micro rough- 
ness on the surface by adding conductive impurities 
such as phosphorus, arsenic, or boron to the amorph- 
ous silicon film. Namely, silicon atoms can also suffi- 
ciently freely migrate in the surface of the anDorphous 
silicon film when impurities are added to the amorph- 
ous silicon film, and a phenomenon analogous to the 
case not adding impurities to the amorphous silicon 
layer can be induced. 

As in the above, a polycrystalline silicon film hav- 
ing surface with a micro roughness can also be for- 
med by the aforementioned methods. However, it 
should be noted that a roughness cannot be formed 
on the surface even if the sample is subjected to an 
annealing when the surface of the amorphous silicon 
film 12 is covered with a native oxidized film or impuri- 
ties such as carbon atoms are attached to the surface. 
Consequently, when the film 12 is to be processed to 
a predetermined shape subsequent to the formation 
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of the film 12, annealing has to be given following the 
fonnation of the surface of the amorphous silicon film 
after the processing, although there will be no prob- 
lem if the formation of the amorphous silicon film 12 
and the subsequent annealing are carried out in the 
same furnace tube. 

In what follows embodiments that employ the 
method described in the above and their effect will be 
described. 

Embodiments 

An amorphous silicon film was fomied using a 
molecular beam epitaxy (MBE) apparatus that is 
equipped with an electron gun type silicon evaporator 
with a volume of 40 CC. For the sample wafer, use 
was made of a 4-inch n-type silicon (100) substrate on 
which is fomned a 2000 A-thick SiOz film by themial 
oxidation. After an RCA washing the sample wafer is 
transfenred to the interior of a formation chamber, and 
a cleaning was given by heating it a 800**C for one 
minute. After lowering the substrate temperature to 
room temperature, the sample was irradiated with a 
silicon molecular beam of 7A/s from the elecfa^n gun 
type silicon evaporator to form a 2000 A-thick a-Si 
layer on the oxide film. The a-Si layer was converted 
to a polycrystaiiine silicon layer by heating the sub- 
strate ina vacuum higherthan 1 x 10-^Torr, in an inert 
gas or in a N2 gas with impurity concentration equiv- 
alent to that degree of vacuum, by heating the sut>- 
strate in the same vacuum chamber. Whether the 
polycrystallizatlon was accomplished or not was 
judged by an in-situ observation by RHEED tech- 
nique. The substrate formed was taken out into the 
atmosphere, and it was evaluated by observing the 
cross section by means of the transmission electron 
microscopy (TEM). 

A lower electrode for a stacked capacitor was for- 
med under the same conditions as in the present 
embodiment Namely, a wafer with an a-Si layer for- 
med on an Si02 film that covers a silicon substrate 
was taken out of an apparatus, and was processed 
into a cylindrical form as shown in Fig. 13(a). The pro- 
cessed a-Si layer was covered with and this oxidized 
film was removed, finom the surface of the a-Si layer 
and its surface was cleaned. And the substrate was 
subjected to an annealing in an argon atmosphere. As 
a result, there was obtained a polycrystaiiine silicon 
film having surface wifh a micro roughness as shown 
in Fig. 13(b). A capacitor was manufactured by form- 
ing a 100 A-thick oxide film on the polycrystaiiine sili- 
con film thus formed, and its capacitance was 
measured. Fig. 14 shows the dependence of the 
capacitance on the annealing temperature after the 
deposition of the a-Si film for the case of taking the 
sample out into the atmosphere before the annealing 
and the case of not doing so. As shown in Fig. 14, 
when the sample was not taken out into the atmos- 



phere, a capacitance which is about twice as large 
that of the case of taking it out into the atmosphere 
was obtained for a very wide range of annealing tem- 
perature, after the a-Si film was annealed. This indi- 

5 cates that by annealing the surface area became 
about twice as large due to the formation of a hemis- 
pherical micro roughness on the surface. On the other 
hand, when the sample was taken out once into the 
atmosphere and an oxide film was formed on the a-Si 

10 film, the capacitance does not increase by annealing, 
remaining at substantially the same value as at 
immediately after the formation of the a-Si film. The a- 
Si film covered v«th an oxide film have the similar 
capacitance value to a polycrystaiiine silicon film 

15 which is used directly fo fonm a lower electrode 
according to the conventional method. Although the 
annealing was given in an argon atnrK)sphere in the 
present embodiment. It can be gh/en in helium (He), 
in nitrogen (N2) or in a vacuum of higher than 1 x 

20 10^ Torr. In addition, the present emtxDdiment can be 
applied to a sOicon on sapphire (SOS) substrate or a 
silicon on insulator (SOI) substrate instead of to a sili- 
con substrate. Moreover, In the present emt>odiment, 
the a-Si layer was fonmed in an MBE apparatus using 

25 an electron gun type silicon evaporation device. 
Moreover, it is also noted that a phenomenon similar 
to the above occurs also in other methods of a-SI layer 
formation such as a gas source MBE method, an 
LPCVD method and a sputtering method provided 

30 that the a-Si layer surface is clean. 

Embodiment 6 

The present embodiment will be described in its 

35 application to the electrode of simple cubic structure 
as in Embodiment 1. First, as shown in Fig. 15(a), an 
oxide film 1 7 was fonned on a silicon substrate 1 6 and 
applied a resist 18 on the surface to be patterned. 
Then, the oxide film 17 was given a dry etching (Fig. 

40 1 5(b)). Then, as shown In Fig. 15(c), a polycrystaiiine 
silicon 19 was deposited and an impurity such as 
phosphorus or arsenic was doped by thermal diffu- 
sion. The polycrystaiiine silicon film 1 9 was deposited 
by an LPCVD method under the ordinary conditions 

45 of a temperature of 600**C and a pressure of 1 Torr 
using a mixed gas of SIH^ and He (at 20 vol % of SihU 
and 80 vol % of He). An amorphous silicon film 20 was 
deposited on top of it at 500**C. The growth conditions 
other than that of the temperature are the same as for 

50 the case of deposition of the polycrystaiiine silicon film 
at 600**C. The amorphous silicon film was coated with 
a resist 21 and patterned (Fig. 15(c)). Then the 
amorphous silicon film 20 and the polycrystaiiine sili- 
con film 19 were dry etched using the resist 21 as a 

55 mask (Fig. 15(d)). After removal of the resist 21 an 
anxurphous silicon film 22 was deposited by an 
LPCVD method to a thickness of 2000 A (Fig. 15(e)). 
The deposition conditions were a temperature 51 O^C, 

10 
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a mixed gas fo SiH* and He (at 20 vol % of SiH4 and 
80 vol % of He) and a pressure of 1 Tonr. Then, the 
amorphous silicon film 22 was processed by RIE to 
fonm an electrode (FIG. 15(f)). Following the above, 
the surface was washed with a mixed solution of s 
ammonia and hydrogen peroxide in order to remove 
carbon contamination on the amorphous silicon film 
22. and further, a natine oxide film was removed using 
HF or etching. Then, the sample was introduced into 
a vacuum of 1 x 1 0-7 Ton- to be heated at 600°C for io 
one hour- As a result of the heat treatment, a micro 
roughness was formed on the electrode surface (Fig. 
15(g)). Next, the electrode was heated at about 
800**C. By this treatment, a conductive impurity such 
as phosphorus or arsenic is injected from the lower is 
electrode into the silicon film that has a micro rough- 
ness. After that, a capacitor insulating film 23 and an 
upper electrode 24 were formed (Fig. 1 5(h)). The fac- 
tor of surface area increase of the capacitor formed as 
in tiie above is very high being about 2.1 times that of 20 
a silicon film deposited in accordance with the con- 
ventional method. 

Embodiment 7 

25 

In the fabrication method of Embodiment 6 car- 
bon atoms may have a chance of being attached to 
the surface of the amorphous silicon fiim after the RIE 
treatment. If carbon atoms remain on the amorphous 
silicon surface, a micro roughness wifl not be formed 30 
on the surface of the amorphous silicon even if it is 
heated in vacuum. Because the surface migration of 
the silicon atoms is restrained by the carbon atoms. 
These carbon atoms may be renrtoved by washing 
with a mbced solution of ammonia and hydrogen 35 
peroxide. However, by employing a method or remov- 
ing carbons by reduction at a low temperature by 
means of an optical surface treatment (using a mer- 
cury lamp of wavelength of 200 to 400 nm and inten- 
sity of 11 0 mW/cm^ at pressure of 1 Tonr) that employs 40 
ozone gas a deaner silicon surface can be obtained 
in a simple manner. Following the above treatment it 
is possible to start crystallization from the surface of 
the amorphous silicon film and to fonm a dense micro 
roughness on the surface of the silicon film by remov- 4S 
ing the spontaneously oxidized film and then subject- 
ing the sample to a heat treatment in a vacuum or in 
a nonoxidizing atmosphere such as that of an inert 
gas. The relevant mechanism is illustrated in Fig. 16. 

Instead of the optical surface treatment method so 
using ozone gas that was employed in the embodi- 
ment 7, an optical surface treatment method that uses 
a halogen gas may be adopted to simultaneously 
remove cart>ons, the spontaneously oxidized film and 
the portions of the silicon film sustained damage by 55 
the RIE from the amorphous silicon film after the RIE. 
Chlorine gas may be used as the alogen gas. Further, 
the lamp to be used may be a mercury lamp of 



wavelength 300 to 400 nm operated at 200 m Tonr and 
power of 1 1 0 mW/cm^. After this optical surface treat- 
ment, by subjecting the amorphous silicon film to a 
heat treatment in a vacuum or in a nonoxidizing 
atmosphere such as that of an inert gas, crystalli- 
zation can be started from the amorphous silicon sur- 
face and to fonm a dense micro roughness on the 
surface of the silicon film. 

Embodiment 8 

Although the fonmation of a micro roughness all 
over the electrode of the stacked capacitor as in the 
above is an effective method for increasing the effec- 
tive surface area. But it is not always advantageous 
to form the micro roughness alt over the surface for 
the reason of the structure of the device. Under these 
circumstances, there will be proposed a fabrication 
method which makes it possible to selectively grow a 
micro roughness only at those locations where the for- 
mation of the micro rougness is desired. 

The fabrication method will be described below 
with a dual cylinder structure as an example. 

First, as shown in Fig. 17(a), a silicon nitride film 
25 and an oxide film 17 were formed an a silicon sub- 
strate 16. Then a resist 26 was applied to the surface 
and patterned. Then the oxide film 17 and the silicon 
nitride film 25 were dry etched, as shown in Fig. 17(b). 
The resist 16 was removed. A polycrystalline silicon 
film 27 was deposited as shown In Fig. 17(c) by an 
LPCVD method under the ordinary conditions of a 
temperature of 600°C, a reaction gas which is a mixt- 
ure of SIH4 and He (at 20 vol % of SiHa and 80 vol % 
of He) and at a pressure of 1 Torr. Then an impurity 
such as phosphorus or arsenic was doped by thermal 
diffusion. An high temperature oxide (HTO) CVD 
oxide film 28 was deposited on top of it to a thickness 
of 4000 A under the deposition conditions of a tem- 
perature of 800**C, a reaction gas which is a mixture 
of SiH4. He (at 20 vol % of SiH^ and 80 vol % of He) 
and N2O gas (in the flow rate of one in SiH4 + He to 
five in N2O) and a pressure of 1 Torr. A resist 29 was 
applied on the surface of the oxide film 28 and then 
pattemed (Fig. 17(c)). The oxide film 28 was dry-et- 
ched using the resist 29 as a mask. Then the resist 29 
was removed and an amorphous silicon film 30 was 
deposited to a thickness of 1500 A (Fig. 17(d)). Fol- 
lowing the above, the amorphous silicon 30 and a part 
of polycrystalline silicon film 27 was processed by RIE 
to forni an elec^ode (Fig. 17(e)). Then, the carbon 
contamination on the amorphous silicon film was 
removed by washing with a mbced solution of 
ammonia and hydrogen peroxide. Then the spon- 
taneously oxidized film was removed by using HF. 
Next the sample was introduced to a vacuum of 1 x 
1 0-7 Tonr and was subjected to a heat treatment at 
600**C for one hour. A micro roughness was formed 
on the electrode surface by this heat treatment (Fig. 
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17(f)). Then the oxide film 28 between the pieces of 
the electrode 31 was removed by wet etching by using 
a mixed solution of HF and water In the ratio of 1 to 
100. Finally, a capacitor was completed by depositing 
a capacitor insulating film 32 and a phosphoais-do- 
ped polycrystalline silicon film 33 (Fig. 17(g) and 
17(h)). 

Embodiment 9 

This embodiment shows the method for fabricat- 
ing cylinderlike shaped electrode having micro rough- 
ness on the surface. This electrode serves as a 
stacked capacitor electrode. 

First, as shown in Fig. 18a, a silicon oxide film 17 
is formed on a silicon substrate 16. Then a silicon nit- 
ride film 34 is fomned on the silicon oxide film 17 and 
a resist 18 is coated on this film 34 and patterned. 
Using the patterned resist 18 as a mask, the silicon 
nitride film 34 and the silicon oxide film 17 are etched 
by dry etching, and thereafter the resit 18 Is renrK>ved 
(Fig. 18b). Next, as shown in Fig. 18c, a polycrystal- 
line silicon film 19 is deposited, and an impurity such 
as phosphorus or arsenic is doped by thermal diffu- 
sion. Then the polycrystalline silicon film 19 is ethed 
back till the upper surface of the silicon nitride film 34 
is exposed, and it is remained only in the through hole 
of the silicon oxide film 17. Then an amorphous silicon 
film 35 is deposited on the silicon nitride film 34 and 
a silicon oxide film 36 is deposited by the CVD method 
at the temperature of 550°C (510*'C). The thickness of 
the silicon oxide film 36 is defined by the height of the 
desired electrode. Next, as shown in Fig. 18c, a resist 
37 is coated on the silicon oxide film 36 and patterned. 
Using the resist 37 as a mask, the silicon oxide film 
36 and the amorphous silicon 35 are etched by dry 
etching and the resist 37 is removed (Fig. 18d). Then, 
an amorphous silicon film 37 is deposited on the sili- 
con oxide film 36 and the amorphous silicon film 35 by 
the same fabrication method of the amorphous silicon 
film 35 (Fig. 18e). Then, the amorphous silicon film 37 
is etched back till the top surface of the silicon oxide 
film 38 is exposed (Fig. 18f). Then the silicon oxide 
film 36 is removed by the HF process. But this process 
produce a native oxide film on the amorphous silicon 
35, 37. To remove the native oxkie film, this film is 
mashed with a mixed solutk>n of ammonia and hydro- 
gen peroxide and mashed with the solutk>n of HF. 
After this cleaning of the amorphous silicon surface* 
the sample is annealed under the condition of a tem- 
perature of 600*C, a pressure of 1 Ton* and an anne- 
aling time of 10 minutes. By this treatment, the 
amorphous silicon 35, 37 become a polycrystalline 
silicon 38 have the micro roughness on its surface 
(Fig. 18g). Fig. 19 is a scanning electron microscopy 
photograph of the real sample of Fig. 18g. After this 
sample is taken out in air, the sample is ion implanted 
under the condition of a concentration of phosphorus 



1020 atoms/cm^ and a angle of incidence 7 degrees, 
so that the surface part of the polycrystalline silicon 38 
contains high concentration of phosphorus. Then the 
sample is annealed at a temperature of SOO^C to actt- 

5 vate the impurity of phosphorus and treatment for the 
lower electrode of a stacked capacitor is completed. 
Then, like embodiment 1. a capacitor insulating film 
39 is formed on the polcrystalline silicon 38 and a 
phosphoms-doped polycrystalline silicon film 40 is 

10 deposited (Fig. 18h)- 

In this embodiment 9, the silicon nitride film 34 
may be omitted and the amorphous silicon film 35 
may be deposited on the surface of the silicon oxide 
film 17. 

15 It should be mentioned that the shape of the stor- 

age electrode with a micro roughness for a stacked 
capacitor may be a plain cubic structure, a cyiindrlcal 
structure, a fin-type structure or a stacked trench type. 
It is apparent that the present invention is not 

20 limited to the above emt>odiments but may be mod- 
ified and changed without departing from the scope 
and spirit of the invention. 



25 Claims 

1. A method of fabricating a semiconductor device 
comprising the steps of: 

fonming on a substrate a first conductive 
30 layer made of silicon film having a micro rough- 

ness caused by the grains of silicon on its sur- 
face; 

fonming a dielectric film on the surface of 
said micro roughness of said silicon film; and 
35 forming a second conductive layer on said 

dielectric film. 

2. A method as claimed In claim 1 , wherein the step 
of fomiing said first conductive layer includes a 

40 process of depositing silicon at a temperature 

where silicon makes transition from a annorphous 
phase to a polycrystalline phase. 

3. A method as claimed in claim 2, wherein said 
45 transition temperature lies in a range of 560 to 

600**C. 

4. A method as claimed in claim 2, wherein the step 
of fonning said first conductive layer includes a 

50 process of forming an amorphous silicon layer on 

said substrate and a process of annealing said 
amorphous silicon layer at a temperature above 
the transition temperature from the anK>rphous 
phase to the polycrystalline phase. 

55 

5. A method as claimed in claim 4 further comprising 
a process of cleaning the surface of said amorph- 
ous silicon iayer prior to subjecting the sample to 

12 
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said annealing process. 

6- A method as claimed in claim 1, wherein size of 
said grains of silicon is in a range of 300 to 1700 
angstroms in a diameter. s 
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